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METHOD FOR PRODUCING A
SEMICONDUCTOR SUBSTRATE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a method for producing a
semiconductor substrate, utilizing a bonding technique, used
for a semiconductor wafer.

2. Description of the Related Art

For example, as a method for bonding two silicon wafers
used when producing a silicon substrate having a multilayer
structure, there 1s the following known method, 1.¢., after the
surface treatment was performed to two mirror-polished
silicon wafers (i.e., mirror-surface wafers), in a state that two
silicon wafers are closely joined, heat treatment 1s performed
to two silicon wafers at high temperature in order to
strengthen the joint, and, as a result, two silicon wafers are
forcedly bonded to one another.

There are problems, however, 1n this method as explained
below, that 1s, when a thin film consisting of different
material provided by a patterning process 1s formed on the
joined surface of the silicon wafer, or when trench patterns
provided by an etching process are formed on the surface of
the silicon wafer, the bonding becomes 1nsuificient due to
the unevenness (i.e., difference in grade) on the surface at the
boundary of the join.

In order to solve the above problems, there 1s the follow-
ing known method, 1.e., atter the deposition of a poly-crystal
silicon on the bonding surface of the silicon wafer, the
unevenness of the surface of the silicon wafer 1s covered by
the poly-crystal silicon having a flat surface (i.e., mirror
surface) obtained by polishing the surface flat and, the
bonding process 1s performed 1n a state which 1s covered by
the poly-crystal silicon.

In general, the process for depositing the poly-crystal
silicon is performed at high temperature (usually, around
1200° C.) by utilizing the normal pressure CVD (Chemical
Vapor Deposition) method. In this case, since the thick
poly-crystal silicon can be deposited at high speed, there 1s
an advantage that it 1s possible to ensure a large cutting
portion in the polishing process (in some cases, a grinding
process may be provided before the polishing process).
Further, there 1s another advantage that 1t 1s possible to
improve the throughput in the depositing process.

There are problems, however, 1n the above method as
explained below. That 1s, when the unevenness of the silicon
waler 1s formed by the trench pattern having narrow and
deep shape, 1.e., having a high aspect ratio, it 1s very ditficult
to completely bury the trench pattern by using the normal
pressure CVD method.

On the other hand, there 1s a pressure reducing CVD
method as one example of a depositing method which can
completely bury a trench having high aspect ratio (1.e., deep
trench) by using poly-crystal silicon. As a film-making
conditions, when employing the pressure reducing CVD
method, 1t 1s possible to obtain a good burying characteris-
fics 1n conditions which suppressed growth speed, 1.e., at
low pressure and low temperature (e.g., 650° C. or less).

That 1s, when the film 1s made at the conditions of normal
pressure, high temperature and high speed, the upper portion
of the trench 1s closed by the poly-crystal silicon at an 1nitial
step of the filmmaking so that a cavity may occur in an inner
portion of the trench. However, according to the conditions
which suppressed the growth speed, there 1s no cavity in the
inner portion of the trench.
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When bondihg the silicon wafer for supporting another
silicon wafer of the poly-crystal silicon processed by the
film-making process and the grinding process, a hydrophilic
process 1s performed to the bonded surface. In the hydro-
philic process, for example, each silicon wafer 1s dipped 1nto
the mixed solution of the sulfuric acid and hydrogen per-

oxide which are maintained to a predetermined temperature,
and an oxide film having a thickness of about several
nanometers 1s formed on the surface of the silicon (i.e., the
poly-crystal silicon) in order to obtain the hydrophilic prop-
erty.

Further, after the above processes, the silicon wafer 1s
dipped 1nto super-pure water 1n order to obtain the hydrogen
binding from the hydroxyl group and the water molecule,
which are absorbed on the oxide film, so that two silicon
walers are closely jomned one another. Finally, the heat
treatment 1s performed to the joined portion of two silicon
wafers so that it is possible to obtain the strong binding (i.c.,
covalent binding).

When the heat treatment 1n the bonding process 1s per-
formed at high temperature (e.g., 1000° C. or more), it 1s
possible to obtain a good joined state without a void (i.e.,
non-joined area). When the heat treatment is performed at
the low temperature (e.g., 800° C. or less), there are many
joint failures 1 which the silicon wafers, which are closely
joined to one another, break away and many large voids
occur although the join 1s maintained. It 1s assumed that, as
the reason of the above, the gas (for example, aqueous

vapour) which occurred on the bonding surface of the silicon
waler 1s not diffused i1n the heat treatment at low tempera-
ture.

Accordingly, from the above viewpoint, 1n order to realize
the good bonding state between two silicon wafers, 1t 1s
considered that the high temperature at the heat treatment 1s
preferable when the bonding process 1s performed.
However, when the heat treatment at the high temperature 1s
performed for the bonding process, there are some join
failures. Therefore, the 1nventors of the present immvention
had some experiments and considerations 1n order to clarily
the reasons of join failure as explained 1n detail hereinafter.

SUMMARY OF THE INVENTION

The object of the present invention 1s to provide a method
for producing a semiconductor substrate which can eflec-
fively prevent an occurrence of joint failure caused by
unevenness existing on the surface of the silicon wafer when
bonding the semiconductor wafer to the support substrate.

In accordance with a first aspect of the present invention,
there 1s provided a method for producing a semiconductor
substrate completed through a bonding process for joining a
semiconductor wafer to a support substrate by performing
heat treatment thereto 1n a state in which the semiconductor
waler 1s closely joined to the support substrate, the method
comprising the steps of; a depositing process for depositing
a poly-crystal semiconductor which covers all of a surface to
be bonded to the surface of the semiconductor wafer; a heat
treatment process for performing the heat treatment to the
semiconductor water provided after the depositing process,
during a predetermined time under a temperature equal to or
higher than the heat treatment temperature at the bonding
process; and a polishing process for flattening the surface of
the poly-crystal semiconductor provided after the heat treat-
ment process; wherein the above processes are performed 1n
order, and the bonding process 1s performed after the pol-
1shing process.

In accordance with a second aspect of the present
invention, there 1s provided a method for producing a




6,060,344

3

semiconductor substrate completed through a bonding pro-
cess for joining a semiconductor wafer to a support substrate
by performing heat treatment thereto 1n a state 1n which the
semiconductor wafer 1s closely joined to the support
substrate, the method comprising the steps of; a first depos-
iting process for depositing a poly-crystal semiconductor
which covers all of a surface to be bonded on the surface of
the semiconductor wafer; a heat treatment process for per-
forming the heat treatment to the semiconductor wafer
provided after the first depositing process, during a prede-
termined time under a temperature equal to or higher than
the heat treatment temperature at the bonding process; a
polishing process for flattening the surface of the poly-
crystal semiconductor provided after the heat treatment
process; a second depositing process for depositing a second
poly-crystal semiconductor which covered the surface of the
poly-crystal semiconductor provided after the polishing pro-
cess; and a final polishing process for flattening the surface
of the second poly-crystal semiconductor provided after the
second depositing process; wherein the above processes are
performed 1n order, and the bonding process 1s performed

after the final polishing process.

In accordance with a third aspect of the present invention,
there 1s provided a method for producing a semiconductor
substrate completed through a bonding process for joining a
semiconductor wafer to a support substrate by performing
heat treatment thereto 1n a state 1n which the semiconductor
waler 1s closely joined to the support substrate, the method
comprising the steps of; a depositing process for depositing
a poly-crystal semiconductor which covers all of a surface to
be bonded on the surface of the semiconductor wafer; a
polishing process for flattening the surface of the poly-
crystal semiconductor provided after the depositing process;
a heat treatment process for performing the heat treatment to
the semiconductor wafer provided after the polishing
process, during a predetermined time under a temperature
equal to or higher than the heat treatment temperature at the
bonding process; and an additional polishing process for
flattening again the surface of the poly-crystal semiconduc-
tor provided after the heat treatment process; wherein the
above processes are performed 1n order, and the bonding
process 1s performed after the polishing process.

In a preferred embodiment, in the depositing process, the
poly-crystal semiconductor 1s deposited under a temperature
lower than the heat treatment temperature at the bonding
Process.

In another preferred embodiment, the heat treatment time
at the heat treatment process 1s set to the time longer than a
saturation time of a migration caused by a large particle of
the poly-crystal semiconductor.

In still another preferred embodiment, the heat treatment
temperature at the bonding process 1s set to a temperature

higher than 1000° C.

In still another preferred embodiment, both poly-crystal
semiconductors provided before and after the heat treatment
are formed by a poly-crystal silicon, and a temperature for

depositing at the depositing process 1s set to the temperature
of 900° C. or less.

In still another embodiment, the heat treatment tempera-
ture at the heat treatment process is set to 1150° C., and the
heat treatment time 1s set to 5 to 10 hours or longer.

In still another preferred embodiment, a forming process
for providing a flattened process film having fluidity 1is
performed on the surface of the poly-crystal semiconductor
provided after the polishing process.

In still another preferred embodiment, the forming pro-
cess for providing the flattened process film having the
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fluidity 1s performed on the surface of the support substrate
before the bonding process.

In still another preferred embodiment, the support sub-
strate 1s formed by an 1solation material.

In still another preferred embodiment, a method for
producing a semiconductor substrate further comprises a
second depositing process for depositing the second poly-
crystal semiconductor on the surface of the poly-crystal
semiconductor provided after the additional polishing pro-
cess; and a final polishing process for flattening the surface
of the second poly-crystal semiconductor of the semicon-
ductor wafer provided after the second depositing process;
wherein the above processes are performed 1n order, and the
the bonding process 1s performed after the final polishing
Process.

In still another preferred embodiment, a method for
producing a semiconductor substrate further comprises a
second depositing process for depositing the second poly-
crystal semiconductor on the surface of the poly-crystal
semiconductor of the semiconductor water without the addi-
tional polishing process after the heat treatment process; and
a final polishing process for flattening the surface of the
second poly-crystal semiconductor of the semiconductor
waler provided after the second depositing process; wherein
the above processes are performed 1n order, and the bonding
process 1s performed after the final polishing process.

BRIEF DESCRIPITION OF THE DRAWINGS

In the drawings:

FIGS. 1A to 1G show schematic producing processes of
the semiconductor substrate according to the first embodi-
ment of the present mnvention;

FIGS. 2A to 2I show schematic producing processes of
the semiconductor substrate according to the second
embodiment of the present invention;

FIGS. 3A to 3H show schematic producing processes of
the semiconductor substrate according to the third embodi-
ment of the present invention;

FIGS. 4A to 4E are schematic sectional views for explain-
ing basic processes for producing a silicon substrate with a
SOI (Silicon On Insulator) by using a bonding method;

FIG. 5 1s an explanatory view for explaining a result of an
experiment by the mventors;

FIG. 6 1s a graph for explaining the difference in grade of
the surface before the heat treatment;

FIG. 7 1s an explanatory view for explaining the differ-
ence 1 grade on the surface; and

FIG. 8 1s a graph for explaining the difference in grade of
the surface after the heat treatment.

DESCRIPTION OF THE PREPERRED
EMBODIMENTS

The present invention will be explained in detail with
reference to the attached drawings.

FIGS. 4A to 4E are schematic sectional views for explain-
ing basic processes for producing a silicon substrate with a
SOI (Silicon On Insulator) by using a bonding method. As
shown 1n FIG. 4A, the poly-crystal silicon 24 was formed on
the silicon wafer 22 through the silicon oxide film 23
provided on the surface thereof. Further, the silicon wafer 22
has the trench 21 which has, for example, a width=1 um, a
depth=2 um, and an aspect ratio=2.

It should be noted that this drawing does not show the
precise relationship of size. The film of the poly-crystal
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silicon was made by using the pressure reducing CVD
method at the low temperature (i.e., 650° C.). Still further,
as shown 1n FIG. 4B, the surface of the poly-crystal silicon
24 was polished tlatly 1n order to obtain the mirror polished
surface.

As shown 1n FIG. 4C, after the hydrophilic process was
provided to both surfaces of the silicon water 22 and the
surface of the support silicon wafer 25 which was already
mirror-polished, the silicon wafer 22 and the support silicon
waler 25 were closely joined by the hydrophilic process on

both surfaces. Further, both silicon wafers 22 and 25 were
bonded by the heat treatment of 1150° C. per one hour.

Still further, as shown 1n FIG. 4D, the surface of the
silicon wafer 22 was ground 1n order to obtain a relatively
small thickness thereof, until just before the bottom of the
trench 21 was found, from the surface of the silicon wafer
22. As a result of the grinding process, as shown in FIG. 4E
the silicon wafer 22 remained only at the portion corre-
sponding to the surface area of the trench 21 and joined
thereto, and another area of the silicon oxide film 23 (below,
this 1s called “surface area”) was broken away from the
surface.

The 1nventors of the present mvention made various
experiments 1n order to clarily the above phenomenon of
FIG. 4E. After repetition of some experiments, the inventors
came to the following conclusion, 1.e., the reason of the
above phenomenon lies in the heat treatment at high tem-
perature when performing the bonding process.

FIG. § 1s an explanatory view for explaining a result of an
experiment by the inventors. After the silicon oxide film 23
and the poly-crystal silicon 24 were formed on the silicon
wafer 22 having two trenches 21 (each having a width=1 um
and a depth=2 um, and the space between trenches=7 um),

the flat polishing process was performed for the poly-crystal
silicon 24 (This is called “sample A”).

Further, the heat treatment was performed to the sample
A in accordance with the same conditions (1.e., 1150° C. per
one hour) as the heat treatment at the bonding process. In the
above situation, the mventor checked the change of differ-
ence 1n grade of the surface of the poly-crystal silicon 24
before and after the heat treatment.

FIG. 6 1s a graph for explaining the difference 1n grade of
the surface before the heat treatment, FIG. 7 1s an explana-
tory view for explaining the difference in grade on the
surface, and FIG. 8 1s a graph for explaining the difference
in grade of the surface after the heat treatment.

As shown in FIG. 6, although there were very small
unevenness (1.€., small difference 1n grade) on the surface of
the poly-crystal silicon 24 before the heat treatment, there
were relatively laree unevenness on the surface, particularly,
above both trenches 21 as shown 1n FIG. 7. In this case, the
space of the unevenness 1s 7 um, and the difference between
high and low portions of the unevenness 1s about +5 nm.

As 1s obvious from the above explanations, the difference
in grade occurs again on the surface of the poly-crystal
silicon 24, which was flattened by the polishing process,
after the high heat treatment. Accordingly, 1t 1s considered
that only convex portions “a” of the difference in grade (i.e.,
surface ranges above two trenches 21) are joined with the
support silicon wafer 25 (see FIGS. 4C and 4D), and the
remaining portion (i.€., concave portion) “b” is joined insuf-
ficiently with the support silicon water 25 so that the silicon

waler 22 1s broken away from the support silicon wafer 25
(see FIG. 4E).

The occurrence of the difference 1n grade on the surface
is caused by a so-called “large particle phenomenon” (i.e.,
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due to the rearrangement of crystal) of the poly-crystal
silicon 24 with the heat treatment at the high temperature. In
this case, the poly-crystal silicon 24 formed at the low
temperature has a crystal growth which 1s called “columnar
crystal” of which the “110” axis 1s perpendicular to the
oground.

In this case, 1n the poly-crystal silicon 24 provided within
the trench 21, since there are portions in which the side wall
of the trench 21 1s used as the ground, the direction of the
crystal axis (1.e. the “110” axis) of the poly-crystal silicon at
that portions has the different angle from the crystal axis
(i.e., “110” axis) of the poly-crystal silicon 24 formed on the
surtace of the silicon water 22.

That 1s, when the side wall of the trench 21 1s formed
orthogonally to the surface of the silicon wafer 22, the
direction of the “110” axis is different from 90° between the
poly-crystal silicon 24 within the trench 21 and the poly-
crystal silicon 24 on the surface of the silicon water 22.

When the heat treatment 1s performed on the poly-crystal
silicon 24 at the high temperature, the migration occurs and
the poly-crystal silicon 24 proceeds from the columnar

crystal to the particle-shaped crystal (i.e., the large particle
phenomenon occurs). Accordingly, as explained above, in
the poly-crystal silicon 24, since the direction of the “110”
axis is different from 90° between the inside of the trench 21
and the surface, and since the large particle phenomenon
occurs 1n the closed area within the trench 21, the process of
the crystal growth in which the poly-crystal silicon 24
becomes the large particle 1s different between the 1nside of
the trench 21 and the surface.

As a result, the convex portions “a” occur on the surface,
1.e., above the trench 21 as shown 1n FIG. 7. The above 1s the
reason ol the convex portions “a” i FIG. 7, and the
unevenness of the graph in FIG. 8. It 1s considered that the
unevenness on the surface of the poly-crystal silicon 24,
which occurred due to the above processes, becomes the
cause of joint failure when bonding the silicon wafer 22 to
the support silicon wafer 25 at the high temperature heat
treatment.

As 1s obvious from the above explanations, the present
invention aims to effectively prevent occurrence of the joint
failure caused by the unevenness on the surface when
bonding the semiconductor wafer to the support substrate.

The following explanations are given to several embodi-
ments according to the present invention with reference to
FIGS. 1A to 3H. The present imnvention was applied to the
method for producing the dielectric isolation substrate hav-
ing the SOI (Silicon On Insulator) structure.

A first embodiment according to the present mnvention 1s
explained 1n detail below.

FIGS. 1A to 1G show schematic producing processes of
the semiconductor substrate according to the first embodi-
ment of the present mnvention.

In the etching process shown 1 FIG. 1A, the surface of
the first single crystal silicon water 1 which was mirror-
polished (this corresponds to the semiconductor wafer
according to the present invention, and this i1s called “first
wafer” below) 1s etched by selectively using a wet etching,
an reactive 1on etching (RIE), or a dry etching, so that the
concave portion 2 having the depth 0.1 to 5 um 1s formed on
the surface of the first wafer 1. Further, by using the same
ctching method, the trench 3 having relatively high aspect
ratio, 1.e., the width 1s 0.5 to 3 um, and the depth 1s 1 to 20
um, 1s formed on the surface of the first wafer 1. As a resullt,
the unevenness 1s formed on the surface of the first water 1.

In the film-making process shown 1n FIG. 1B, the silicon
oxide film 4 1s formed on the surface of the first wafer 1 by
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using a thermal oxidation or a CVD (Chemical Vapor
Deposition) method.

In the depositing process shown 1 FIG. 1C, after the
above processes, the poly-crystal silicon 5 (this corresponds
to the poly-crystal semiconductor) is deposited on the silicon
oxide film 4 by using the LPCVD method. This deposition
1s performed under the following conditions, 1.€., the low
pressure and low temperature (e.g., 900° C. or less, prefer-
ably 650° C. or less) in which the growth speed is sup-
pressed.

Based on this conditions, it 1s possible to obtain a state in
which the concave portion 2 and the trench 3 having
relatively high aspect ratio were completely covered by the
poly-crystal silicon § (i.e., a state in which there is no
cavity). In this case, the unevenness is formed on the surface
of the poly-crystal silicon § caused by the unevenness of the
surface of the first wafer 1.

Before the depositing process, 1t 1s possible to provide a
structure which forms the film having different materials,
functioning as a wire, by selectively etching after the depo-
sition of the poly-crystal silicon doped by the 1impurity, such
as phosphorus, the oxide film, and the nitriding film. In the
above structure, the unevenness 1s also formed on the
surface of the first wafer 1.

In the heat treatment process shown i FIG. 1D, the
poly-crystal silicon 5 can be changed to the poly-crystal
silicon 3' having the particle-like crystal by changing the
poly-crystal silicon 5 to the large particle when performing,
the heat treatment at the high temperature. It 1s necessary to
set the temperature at that time to the temperature which 1s
at least equivalent to or higher than the heat treatment
temperature at the boding process performed hereiatter.

Concretely, for example, when the temperature of the heat
treatment at the bonding process is 1100° C., the temperature
of the heat treatment at the process shown i FIG. 1D 1is
1150° C. Further, it is desirable to set the time for the heat
treatment to the time longer than when the migration of the
poly-crystal silicon § is saturated (below, the saturation
time). Accordingly, the time of the optimum heat treatment
1s determined based on the previous consideration in accor-
dance with the depositing conditions of the poly-crystal
silicon 5 and the structure of the trench 3. In this
embodiment, the time of the optimum heat treatment 1s set
to 5 to 10 hours.

In the polishing process shown 1n FIG. 1E, the surface of
the poly-crystal silicon 8' 1s flattened by using the chemical
and mechanical polishing (CMP) method, and the uneven-
ness on the surface of the poly-crystal silicon §' 1s eliminated
so that it 1s possible to obtain the flat surface (i.e., the
mirror-surface) having no difference in grade on the surface
of the poly-crystal silicon §'. In this case, 1t 1s possible to
obtain an effective polishing process with small polishing
amount, by using the hard material as the polishing cloth.

After the polishing process, the hydrophilic process (not
shown) is performed to the surface of the poly-crystal silicon
5" and the surface of the second single crystal silicon wafer
6 which is mirror-polished (this corresponds to the support
substrate shown in FIG. 1F, and 1s called the second wafer),
in order to give the hydrophilic property to the surface.

In this hydrophilic process, the first wafer 1 and the
second waler 6 are dipped 1nto the mixed solution consisting
of the sulfuric acid and the hydrogen peroxide (for example,
H.SO,:H,0,=4:1) maintained at the predetermined
temperature, or the oxide layer having the thickness of 1 to
100 nm 1s formed on the surface of each water 1 and 6 in
order to have the hydrophilic property by using an oxygen
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plasma-irradiating method and the layer 1s cleaned by using
super-pure water. Next, the surface i1s dried by using, for
example, a spin-dryer, 1n order to control water content
absorbed on the surface of each water 1 and 6. Then, the
walers are moved to the bonding process shown in FIG. 1F.

In the bonding process, first, the surface of the first water
1 (i.e., the surface (i.e., mirror-surface) of the poly-crystal
silicon §') and the surface (i.e., mirror-surface) of the second
waler 6 are closely joined to each other. After this process,
the walers 1 and 6 are adhered to each other based on the
hydrogen binding by the silanol group formed on the surface
and the water absorbed on the surface.

After the above process, the heat treatment 1s performed,
for example, 1n the 1mactive gas, such as the nitrogen gas, or
in the oxidant gas, for one hour at 1100° C. After this
process, the dehydrating condensation reaction occurs 1n the
adhered surfaces of the first wafer 1 and the second watfer 6,
and the waters 1 and 6 are directly adhered each other so that
they are integrated. As a result, the joined substrate 7 having
the SOI structure 1s formed.

Next, 1n the grinding and polishing process shown 1n FIG.
1G, the surface of the first wafer 1 of the joined substrate 7
1s ground until just before the trench 3 1s exposed. From the
above state, the selective polishing 1s performed so that the
trench 3 1s exposed. In this case, the silicon oxide film 2 of
the trench 3 1s functioned as a stopper in the polishing
Process.

By performing the above processes, 1t 1s possible to
produce the SOI substrate (i.e., semiconductor substrate)
having the state in which the single crystal silicon (i.e., the
first wafer 1) was separated from the silicon oxide film 2 by
the dielectric 1solation.

Briefly, the feature of the above producing method in this
embodiment lies 1n that the heat treatment process and the
polishing process are performed before the bonding process
which performs the heat treatment by closely joining the first
wafer 1 and the second wafer 6. In this case, the heat
treatment process is performed at the temperature (e.g.,
1150° C.) higher than the temperature (e.g., 1100° C.) of the
heat treatment at the bonding process, and over the time
(e.g., 5 to 10 hours) when the migration caused by the large
particle of the poly-crystal silicon 5§ 1s saturated.

Further, in the polishing process, the surface (i.e., the
bonded surface) of the poly-crystal silicon § having a state
in which the migration 1s saturated, 1s flattened to the
mirror-like surface.

As a result, the migration of the poly-crystal silicon 5 is
saturated 1n the heat treatment process, and the migration of
the poly-crystal silicon 5 does not occur in the heat treatment
at the bonding process which 1s performed hereinafter.
Accordingly, even if the unevenness (i.e., the concave
portion 2 and the trench 3) exists on the bonding surface of
the first wafer 1, the unevenness does not occur on the
surface of the poly-crystal silicon §, which 1s disposed on the
boding surface, 1n accordance with the heat treatment at the
bonding process.

According to the above process, the areas which are not
joined (i.e., a non-joined area) do not occur on the bonding
surface between the first wafer 1 and the second wafer 6. As
a result, when the first wafer 1 and the second wafer 6 are
bonded to each other, it 1s possible to prevent the occurrence
of the junction failure caused by the unevenness due to the
pattern structure formed on the first wafer 1.

Particularly, 1n this embodiment, since the depositing,
temperature of the poly-crystal silicon 5§ at the depositing
process is set to the temperature (e.g., 900° C. or less,
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preferably 650° C. or less) lower than the heat treatment
temperature (e.g., 1100° C.) at the bonding process, there is
the advantage that the growth speed of the poly-crystal
silicon 5 1s suppressed and the characteristic of burying the
poly-crystal silicon 1s good.

In this case, there 1s a problem 1n which the poly-crystal
silicon 5 deposited under the above conditions of tempera-
ture has a large migration. However, as mentioned above, in
this embodiment, since the migration of the poly-crystal
silicon § 1s saturated at the heat treatment process, 1t 1s
possible to solve the above problem.

In this embodiment, although the heat treatment time at
the heat treatment process was set to the time longer than the
saturation time of the migration of the poly-crystal silicon 5,
if the migration of the poly-crystal silicon § can be sup-
pressed within a predetermined range, 1t 1s possible to
provide a structure having the time shorter than the satura-
fion time.

According to this structure, 1n the bonding process, since
the migration of the poly-crystal silicon §' 1s suppressed, it
1s possible to considerably suppress the occurrence of
unevenness on the surface of the poly-crystal silicon 5' when
performing the heat treatment at the bonding process. As a
result, as mentioned above, it 1s possible to effectively
prevent the occurrence of the joint failure, and to 1mprove
the throughput at the heat treatment.

Further, 1n this embodiment, before the hydrophilic pro-
cess and the bonding process, it 1s possible to provide the
forming process of the flattened process film which has the
heat fluidity and 1s formed by thickness of 0.1 to 2 um on the
surface (i.e., the surface of the poly-crystal silicon §') of the
first wafer 1 or the surface of the second wafer 6.

As for this flattened process film, it 1s possible to utilize
boron-doped phosphor silicate glass (BPSG), phosphor sili-
cate glass (PSG), spin on glass (SOG), etc., except for a
silicon oxide film produced by thermal oxidation.

When the forming process of the flattened process film
was performed, even 1f there 1s a state 1n which the migration
of the poly-crystal silicon 5 1s not a completely saturated
state due to the heat treatment at the heat treatment process,
1.e., even 1f there 1s the state which the unevenness occurs on
the surface (i.e., bonding surface) of the poly-crystal silicon
5' with the heat treatment at the final bonding process (for
example, 1n the case that the heat treatment time 1s set to the
shorter time at the heat treatment process), the small uneven-
ness on the surface of the poly-crystal silicon 1s absorbed
due to the fluidization of the flattened process film by the
heat treatment at the bonding process. As a result, it 1s
possible to obtain the good joined state on the surface of the
poly-crystal silicon.

A second embodiment according to the present invention
1s explained in detail below.

FIGS. 2A to 2I show schematic producing processes of
the semiconductor substrate according to the second
embodiment of the present invention. In this embodiment,
the different processes from the first embodiment are
explained 1n detail hereinafter 1n order to simplify the
explanations.

That 1s, the following processes, 1.€., the etching process
(FIG. 2A), the film-making process (FIG. 2B), the deposit-
ing process (FIG. 2C), the heat treatment process (FIG. 2D)
and the polishing process (FIG. 2E), are the same as the
processes shown 1n FIGS. 1A to 1E 1n the first embodiment.
Although the first water 1, on which the polishing process
(FIG. 1E) was completed, is directly provided to the bonding
process (FIG. 1F) in the first embodiment, the second
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depositing process shown i FIG. 2F 1s provided in the
second embodiment.

In the second depositing process shown 1n FIG. 2F, the
second poly-crystal silicon 8 (this corresponds to the second
poly-crystal silicon according to the present invention) is
deposited on the surface of the poly-crystal silicon §' by
using the LPCVD method. In this deposition, 1t 1s better to
perform the deposition under conditions which suppress the
growth speed, 1.e., the low pressure and low temperature (for
example, 900° C. or less, preferably, 650° C. or less).
However, 1t 1s possible to perform the deposition under
conditions of normal pressure and high temperature.

After the above process, the final polishing process (not
shown), in which the second poly-crystal silicon 8 is flat-
tened (i.e., mirror-polished) through the chemical and
mechanical polishing (CMP) process, is performed without
the heat treatment process.

Next, the bonding process shown 1n FIGS. 2G and 2H 1s
performed on the surfaces of the second poly-crystal silicon
8 and the second wafer 6 after the hydrophilic process as
well as the first embodiment. In this bonding process, the
surface of the first wafer 1 (i.e., the surface of the second
poly-crystal silicon 8) and the surface of the second wafer 6
are closely joined to each other, and the heat treatment 1s
performed within, for example, an 1nactive gas, such as
nitrogen gas, or an oxidation gas, at a temperature 1100° C.
per one hour.

After the above process, the jomned substrate 9 in which
the walers 1 and 6 are directly joined to each other, is
formed. At that time, with the heat treatment, the second
poly-crystal silicon 8 becomes the large particle and changes
to the second poly-crystal silicon 8' having the particle-like
crystal. Further, the grinding and polishing process shown 1n
FIG. 2I 1s performed after the above process as well as the
first embodiment.

According to this embodiment, since the heat treatment 1s
performed during the predetermined times (e.g., 5 to 10
hours) under the temperature (e.g., 1150° C.) higher than the
heat treatment temperature (e.g., 1100° C.) at the bonding
process for the poly-crystal silicon 5', 1t 1s possible to
suppress the reoccurrence of the unevenness caused by the
large particle of the poly-crystal silicon 5 in the heat
treatment at the bonding process so that it 1s possible to
maintain the flat surface of the poly-crystal silicon §'.

Further, although the migration occurs due to the large
particle of the second poly-crystal silicon 8 1 the heat
treatment at the bonding process, since the lower portion of
the second poly-crystal silicon 8 (i.e., the surface of the
poly-crystal silicon §') is flat, it is possible to effectively
suppress the occurrence of the unevenness caused by the
heat treatment at the bonding process.

Accordingly, 1n this embodiment, non-joined portions do
not occur on the bonding surface of the first water 1 and the
second wafer 6. As a result, when bonding the first wafer 1
and the second wafer 6, 1t 1s possible to surely prevent the
occurrence of the joint failure due to the unevenness due to
the pattern structure formed on the first wafer 1.

In this embodiment, although the heat treatment time at
the heat treatment process 1s also set to the time longer than
the saturation time of the migration of the poly-crystal
silicon 5, 1t 1s possible to set the time shorter than the
saturation time 1f the migration of the poly-crystal silicon §
can be suppressed within the predetermined range.

Further, in this embodiment, before the hydrophilic pro-
cess and the bonding process, it 1s possible to perform the
forming process which forms the flattened process film
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having a thickness of 0.1 um to 2 um, on the surface of the
first wafer 1 (i.e., the surface of the second poly-crystal
silicon 8) or the surface of the second wafer 6.

A third embodiment according to the present mvention 1s
explained 1n detail below.

FIGS. 3A to 3H show schematic producing processes of
the semiconductor substrate according to the third embodi-
ment of the present invention. In this embodiment, the
different processes from the first embodiment are explained
in detail hereinafter in order to simplify the explanations.

That 1s, the following, processes, 1.€., the etching process
(FIG. 3A), the film-making process (FIG. 3B) and the
depositing process (FIG. 3C), are the same as the processes

shown 1n FIGS. 1A to 1C 1n the first embodiment. Although
the heat treatment process (see FIG. 1D) at the high
temperature, for example, 1150° C., was performed after the
depositing process 1n the first embodiment, the heat treat-
ment process shown 1n FIG. 3E 1s performed after the
polishing process shown 1n FIG. 3D 1n the third embodi-

ment.

In the polishing process, the surface of the poly-crystal
silicon 5 is flattened (i.e., mirror-polished) through the
chemical-mechanical polishing (CMP) process. Further, in
the heat treatment process, the heat treatment at the high
temperature, for example, 1150° C., is performed during the
time longer than saturation time (e.g., 5 to 10 hours) of the
migration of the poly-crystal silicon §, and the poly-crystal
silicon 5 becomes the large particle so that 1t changes to the
particle crystal of the poly-crystal silicon §'.

When the above heat treatment process 1s performed, as
shown 1n FIG. 3E, on the surface of the poly-crystal silicon
5', a convex portion B occurs on the area corresponding to
the trench 3, and a convex portion C occurs on the areca
corresponding to the concave portion 2. In this case, the
additional polishing process shown 1n FIG. 3F 1s performed
in order to eliminate the convex portions B and C so that the
surface of the poly-crystal silicon §' is again flattened (i.e.,
mirror-polished).

After the above process, the hydrophilic process 1s per-
formed on both surfaces of the poly-crystal silicon §' and the
second wafer 6 as well as the first embodiment, and the
bonding process 1s performed 1n order to form the substrate
7" as shown 1n FIG. 3G. Further, the grinding and polishing

process 1s performed as well as the first embodiment as
shown 1n FIG. 3H.

According to this embodiment, after the surface of the
poly-crystal silicon § 1s once flattened by the polishing
process, 1n the heat treatment process, the heat treatment 1s
performed during the predetermined time (e.g., 5 to 10
hours) at the temperature (e.g., 1150° C.) higher than the
heat treatment temperature (e.g., 1100° C.) at the bonding
process so that the poly-crystal silicon having the large
particle can be obtained. Further, in the additional polishing,
process, the surface of the poly-crystal silicon §' 1s again
flattened.

As a result, the flattened grade of the surface (i.e., the
bonding surface) of the poly-crystal silicon §' can be
improved, and 1t 1s possible to suppress the reoccurrence of
the unevenness caused by the large particle of the poly-
crystal silicon §' so that 1t 1s possible to maintain the
flattened surface.

Accordingly, 1n this embodiment, non-joined portions do
not occur on both bonding surfaces of the first wafer 1 and
the second waler 6. As a result, when bonding the first wafer
1 and the second water 6, it 1s possible to surely prevent the
occurrence of the joint failure due to the unevenness due to
the pattern structure formed on the first wafer 1.
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In this embodiment, although the heat treatment time at
the heat treatment process 1s also set to the time more than
the saturation time of the migration of the poly-crystal
silicon 5, 1t 1s possible to set the time shorter than the
saturation time 1f the migration of the poly-crystal silicon §
can be suppressed to within a predetermined range.

Further, in this embodiment, before the hydrophilic pro-
cess and the bonding process, it 1s possible to perform the
forming process which forms the flattened process film
having the thickness of 0.1 um to 2 um, on the surface of the
first wafer 1 (i.e., the surface of the poly-crystal silicon 5) or
the surface of the second wafer 6.

In this embodiment, although 1t 1s not shown concretely,
on the surface of the poly-crystal silicon §' after the addi-
tional polishing process (sece FIG. 3F), it is possible to
perform the following processes 1n order, 1.e., the second
depositing process for depositing the second poly-crystal
silicon (i.e., the second poly-crystal semiconductor) under
the conditions at a temperature of 900° C. or less, preferably
650° C. or less, the final polishing process for flattening the
surface of the second poly-crystal silicon after the second
depositing process, and, then, the bonding process for bond-
ing both silicon waters as shown 1n FIG. 3G.

In this case, in the heat treatment at the bonding process,
although the migration occurs under the large particle of the
second poly-crystal silicon, since the lower portion (i.e., the
surface of the poly-crystal silicon §') of the second poly-
crystal silicon 1s flattened, it 1s possible to suppress the
occurrence of the unevenness caused by the heat treatment
at the bonding process so that it 1s possible to obtain the good
joined state on the surface.

In addition, although 1t 1s not shown concretely, 1n this
embodiment, 1t 1s not necessary to perform the additional
polishing process (see FIG. 3F) after the heat treatment
process (see FIG. 3E), and it is possible to perform the
following processes 1n order, 1.€., the second depositing
process for depositing the second poly-crystal silicon (i.e.,
the second poly-crystal semiconductor), the polishing pro-
cess for flattening the surface of the second poly-crystal
silicon after the second depositing process, and, then, the

bonding process for bonding both wafers as shown 1n FIG.
3G.

Another embodiment according to the present invention 1s
explained below. The present mmvention 1s not limited to the
above mentioned embodiments, and 1t 1s possible to provide
the following modification and enlargement.

In the above heat treatment process, although the heat
freatment was performed under a temperature (e.g., 1150°
C.) higher than the heat treatment temperature (e.g., 1100°
C.) at the bonding process, it is possible to perform under at
least the equivalent heat treatment temperature. Further, it 1s
not necessary to set the heat treatment temperature at the
bonding process to the temperature higher than 1100° C.,
and 1t 1s possible to achieve an 1nitial purpose of the
invention by setting the temperature higher than 1000° C.,

As for the semiconductor wafer, 1t 1s not limited to the first
single silicon wafer 1, and it 1s possible to form the water by
the semiconductor mainly including elements at the fourth
group, for example, germanium (Ge), carbonized silicon
(S1C), and silicon germanium (SiGe).

As for the support substrate, it 1s not limited to the second
single silicon wafer 6, and it 1s possible to use another
semiconductor substrate, a ceramic or glass substrate, hav-
ing an insulation property. Further, 1t 1s not limited to the
SOI substrate, and 1t 1s possible to utilize the multilayer
substrate in which two semiconductor substrates (i.e., the
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semiconductor wafer) each having different characteristics
one directly bonded to each other.

We claim:

1. A method for producing a semiconductor substrate that
1s completed 1n a bonding process by closely joining a
semiconductor wafer to a support substrate and heat treating
the closely joined semiconductor wafer and support
substrate, the method comprising;:

a depositing process for depositing a poly-crystal semi-
conductor on a surface of the semiconductor wafer, the
poly-crystal semiconductor covering all of a surface to

be bonded;

a heat treatment process for heat treating the semicon-
ductor wafer provided after the depositing process, for
a predetermined time at a temperature equal to or
higher than a heat treatment temperature during the
bonding process; and

a polishing process for flattening the surface of the
poly-crystal semiconductor provided after the heat
freatment process;

wherein the above processes are performed sequentially,
and the bonding process 1s performed after the polish-
INg Process.

2. A method for producing a semiconductor substrate as
claimed 1n claim 1, wherein, 1n the depositing process, the
poly-crystal semiconductor 1s deposited at a temperature
lower than the heat treatment temperature during the bond-
INg Process.

3. A method for producing a semiconductor substrate as
claimed 1n claim 1, wherein the heat treatment time during
the heat treatment process 1s longer than a saturation time of
a migration caused by a large particle of the poly-crystal
semiconductor.

4. A method for producing a semiconductor substrate as
claimed 1n claim 1, wherein the heat treatment temperature
during the bonding process is higher than 1000° C.

5. A method for producing a semiconductor substrate as
claimed 1n claim 1, wherein both poly-crystal semiconduc-
tors provided before and after the heat treatment are formed
of a poly-crystal silicon, and a temperature for depositing
during the depositing process is 900° C. or less.

6. A method for producing a semiconductor substrate as
claimed 1n claim 5, wherein the heat treatment temperature
during the heat treatment process i1s 1150° C., and the heat
treatment time 1s at least 5 to 10 hours.

7. A method for producing a semiconductor substrate as
claimed 1n claim 1, wherein a forming process for providing
a flattened-process film having fluidity 1s performed on the
surface of the poly-crystal semiconductor provided after the
polishing process.

8. A method for producing a semiconductor substrate as
claimed in claim 1, wherein, a forming process for providing
a flattened-process film having the fluidity 1s performed on
the surface of the support substrate before the bonding
Process.

9. A method for producing a semiconductor substrate as
claimed in claim 1, wherein the support substrate 1s formed
of an 1nsulating material.

10. A method for producing a semiconductor substrate
that 1s completed 1n a bonding process by closely joining a
semiconductor wafer to a support substrate and heat treating
the closely joined semiconductor wafer and support
substrate, the method comprising;:

a first depositing process for depositing a poly-crystal
semiconductor on a surface of the semiconductor
waler, the poly-crystal semiconductor covering all of a
surface to be bonded;
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a heat treatment process for heat treating the semicon-
ductor wafer provided after the first depositing process,
for a predetermined time at a temperature equal; to or
higher than a heat treatment temperature during the
bonding process;

a polishing process for flattening the surface of the
poly-crystal semiconductor provided after the heat
freatment process;

a second depositing process for depositing a second
poly-crystal semiconductor on the surface of the poly-
crystal semiconductor provided after the polishing pro-
cess; and

a final polishing process for flattening the surface of the
second poly-crystal semiconductor provided after the
second depositing process;

wherein the above processes are performed sequentially,
and the bonding process 1s performed after the final
polishing process.

11. A method for producing a semiconductor substrate as
claimed 1n claim 10, wherein, 1n the first and second
depositing processes, the poly-crystal semiconductor and the
second poly-crystal semiconductor are deposited at a tem-
perature lower than the heat treatment temperature during,
the bonding process.

12. A method for producing a semiconductor substrate as
claimed 1n claim 10, wherein the heat treatment time during
the heat treatment process 1s longer than a saturation time of
a migration caused by a large particle of the poly-crystal
semiconductor.

13. A method for producing a semiconductor substrate as
claimed 1n claim 10, wherein the heat treatment temperature
during the bonding process is higher than 1000° C.

14. A method for producing a semiconductor substrate as

claimed 1n claim 10, wherein the poly-crystal semiconduc-
tors provided before and after the heat treatment, and the
second poly-crystal semiconductor, are formed of a poly-
crystal silicon, and a temperature for depositing during the
first depositing process and a temperature for depositing
during the second depositing process are both 900° or less.

15. A method for producing a semiconductor substrate as
claimed 1n claim 14, wherein the heat treatment temperature
during the heat treatment process is set to 1150° C., and the
heat treatment time 1s at least 5 to 10 hours.

16. A method for producing a semiconductor substrate as
claimed in claim 10, wherein a forming process for provid-
ing a flattened-process film having fluidity i1s performed on
the surface of the second poly-crystal semiconductor pro-
vided after the polishing process.

17. A method for producing a semiconductor substrate as
claimed 1n claam 10, wherein, a forming process for pro-
viding a flattened-process film having fluidity 1s performed
on the surface of the support substrate before the bonding
Process.

18. A method for producing a semiconductor substrate as
claimed 1n claim 10, wherein the support substrate 1s formed
of an 1nsulating material.

19. A method for producing a semiconductor substrate
that 1s completed 1n a bonding process by closely joining a
semiconductor wafer to a support substrate and heat treating
the closely joined semiconductor wafer and support
substrate, the method comprising;:

a depositing process for depositing a poly-crystal semi-
conductor on a surface of the semiconductor wafer, the
poly-crystal semiconductor covering all of a surface to

be bonded;

a polishing process for flattening the surface of the
poly-crystal semiconductor provided after the deposit-
INg Process;
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a heat treatment process for heat treating the semicon-
ductor wafer provided after the polishing process, for a
predetermined time at a temperature equal to or higher
than a heat treatment temperature during the bonding
process; and

an additional polishing process for flattening again the
surface of the poly-crystal semiconductor provided
after the heat treatment process;

wherein the above processes are performed sequentially,
and the bonding process 1s performed after the addi-
tional polishing process.

20. A method for producing a semiconductor substrate as
claimed 1n claim 19, wherein, 1in the depositing process, the
poly-crystal semiconductor 1s deposited at a temperature
lower than the heat treatment temperature during the bond-
INg Process.

21. A method for producing a semiconductor substrate as
claimed 1n claim 19, further comprising a second depositing
process for depositing a second poly-crystal semiconductor
on the surface of the poly-crystal semiconductor provided
after the additional polishing process; and a final polishing
process for flattening the surface of the second poly-crystal
semiconductor of the semiconductor wafer provided after
the second depositing process; wherein the above processes
are performed sequentially, and the bonding process i1s
performed after the final polishing process.

22. A method for producing a semiconductor substrate as
claimed i claim 21, wherein, 1 the second depositing
process, the second poly-crystal semiconductor 1s deposited
at a temperature lower than the heat treatment temperature
during the bonding process of the second poly-crystal semi-
conductor.

23. A method for producing a semiconductor substrate as
claimed 1n claim 19, further comprising a second depositing
process for depositing a second poly-crystal semiconductor
on the surface of the poly-crystal semiconductor of the
semiconductor wafer without the additional polishing pro-
cess after the heat treatment process; and a final polishing
process for flattening the surface of the second poly-crystal
semiconductor of the semiconductor wafer provided after
the second depositing process; wherein the above processes
are performed 1n order, and the bonding process i1s per-
formed after the final polishing process.

24. A method for producing a semiconductor substrate as
claimed i claim 23, wherein, 1 the second depositing
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process, the second poly-crystal semiconductor 1s deposited
at a temperature lower than the heat treatment temperature
during the bonding process.

25. A method for producing a semiconductor substrate as
claimed 1n claim 21, wherein the second poly-crystal semi-
conductor 1s formed of a poly-crystal silicon, and a tem-

perature for depositing at the second depositing process 1s
900° C. or less.

26. A method for producing a semiconductor substrate as
claimed in claim 19, wherein a forming process for provid-
ing a flattened-process film having tluidity 1s performed on
the surface of the poly-crystal semiconductor provided after
the polishing process.

27. A method for producing a semiconductor substrate as
claimed in claim 21, wherein a forming process for provid-
ing a flattened process film having fluidity 1s performed on
the surface of the second poly-crystal semiconductor pro-
vided after the final polishing process.

28. A method for producing a semiconductor substrate as
claimed 1n claim 19, wherein a forming process for provid-
ing a flattened process film having fluidity i1s performed on
the surface of the support substrate before the bonding
Process.

29. A method for producing a semiconductor substrate as
claimed in claim 19, wherein the heat treatment time during
the heat treatment process 1s longer than a saturation time of
a migration caused by a large particle of the poly-crystal
semiconductor.

30. A method for producing a semiconductor substrate as
claimed 1n claim 19, wherein the heat treatment temperature
during the bonding process is higher than 1000° C.

31. A method for producing a semiconductor substrate as
claimed 1n claim 19, wherein both poly-crystal semiconduc-
tors provided before and after the heat treatment are formed
of a poly-crystal silicon, and a temperature for depositing
during the depositing process is 900° C. or less.

32. A method for producing a semiconductor substrate as
claimed 1n claim 31, wherein the heat treatment temperature
at the heat treatment process is set to 1150° C., and the heat
treatment time 1s set to 5 to 10 hours or longer.

33. A method for producing a semiconductor substrate as
claimed 1n claim 19, wherein the support substrate 1s formed
of an 1nsulating material.
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